Pregnancy and the postpartum period are times of profound behavioral change including alterations in cognitive function. This has been most often studied using hippocampal-dependent tasks assessing spatial learning and memory. However, less is known about the cognitive effects of motherhood for tasks that rely on areas other than the hippocampus. We have previously shown that postpartum females perform better on the extradimensional phase of an attentional set shifting task, a measure of cognitive flexibility which is dependent on the medial prefrontal cortex (mPFC). The present experiments aimed to extend this work by examining the importance of postpartum stage as well as offspring and parity in driving improved mPFC cognitive function during motherhood. We also examined whether the neuropeptide oxytocin, which plays a role in regulating numerous maternal functions, mediates enhanced cognitive flexibility during motherhood. Our results demonstrate that compared to virgin females, cognitive flexibility is enhanced in mothers regardless of postpartum stage and is not affected by parity since both first (primiparous) and second (biparous) time mothers showed the enhancement. Moreover, we found that improved cognitive flexibility in mothers requires the presence of offspring, as removal of the pups abolished the cognitive enhancement in postpartum females. Lastly, using an oxytocin receptor antagonist, we demonstrate that oxytocin signaling in the mPFC is necessary for the beneficial effects of motherhood on cognitive flexibility. Together, these data provide insights into the temporal, experiential and hormonal factors which regulate mPFC-dependent cognitive function during the postpartum period.
Introduction
Females of all mammalian species undergo dramatic behavioral changes during the transition to motherhood. Along with maternal behaviors directly related to the care of offspring, cognitive behaviors that may indirectly aid in the rearing of the young are also affected (Macbeth and Luine, 2010; Workman et al., 2012; Galea et al., 2014) . This has been demonstrated in rodents most extensively using hippocampal-dependent tasks assessing spatial learning and memory. Overall, the evidence suggests that during the early (i.e. first week) postpartum period, when it may be advantageous for a new mother to stay close to the nest site, spatial cognition is impaired as compared to virgin (nulliparous) female rats without reproductive or maternal experience (Darnaudéry et al., 2007) . In contrast, the middle (i.e. second week) to late (i.e. third week) postpartum periods are accompanied by improved spatial navigation, possibly to boost the mother's abilities to forage so that she can efficiently procure the necessary resources and return to caring for and protecting her vulnerable young in the nest (Kinsley et al., 1999; Lambert et al., 2005; Cost et al., 2014) . These cognitive benefits of motherhood are attributable to a combination of pregnancy and mothering and are long-lasting persisting after weaning well into aging (Kinsley et al., 1999; Gatewood et al., 2005; Lambert et al., 2005; Love et al., 2005; Lemaire et al., 2006; Pawluski et al., 2006a; Kinsley and Lambert, 2008; Macbeth et al., 2008a; Zimberknopf et al., 2011; Barha et al., 2015) . Furthermore, improved spatial abilities have been shown to occur not only in first time (primiparous) mothers, but also in mothers with two (biparous) or more (multiparous) litters suggesting that parity in general promotes this aspect of cognitive function (Gatewood et al., 2005; Pawluski et al., 2006b; Macbeth et al., 2008b; Paris and Frye, 2008; Barha et al., 2015) .
Executive functions, such as attention and cognitive flexibility, have been far less studied in mothers even though they are likely critical for maternal responsiveness and parenting quality not just in rodents but in humans as well (Barrett and Fleming, 2011; Lonstein et al., 2015) . One way of assessing these functions in rodents is with attentional set shifting (Birrell and Brown, 2000; Fox et al., 2003) . In this task, animals are required to learn a series of associations between stimuli of certain Hormones and Behavior 89 (2017) [130] [131] [132] [133] [134] [135] [136] sensory modalities and food rewards and then switch these associations to other sensory modalities to effectively solve the task. Shifting attention from one sensory stimulus to another, referred to as an extradimensional shift (EDS), requires the medial prefrontal cortex (mPFC; Birrell and Brown, 2000; Fox et al., 2003) . We have previously shown that compared to virgin female rats, primiparous females during the late postpartum period (20-24 days after parturition) perform better on the EDS phase of the attentional set shifting task suggesting that like hippocampal-dependent cognitive function, mPFC-dependent cognitive function is also enhanced during motherhood (Leuner and Gould, 2010) . However, it is unknown whether these changes occur earlier in the postpartum period and if they persist with additional parity. Furthermore, whether the effects of motherhood on cognitive flexibility are attributable to pregnancy alone or require mother-pup interactions has yet to be fully investigated.
The neuropeptide oxytocin (OT) is known to play a prominent role in regulating maternal care by acting on a distributed network of brain regions, including the mPFC (Bosch and Neumann, 2012; Sabihi et al., 2014) . The mPFC abundantly expresses oxytocin receptors (OT-R; Insel and Shapiro, 1992; Liu et al., 2005; Smeltzer et al., 2006; Nakajima et al., 2014; Mitre et al., 2016) and receives long range axonal projections from OT producing neurons in the hypothalamus (Sofroniew, 1983; Knobloch et al., 2012) . In addition, OT has been shown to mediate the motherhood-induced enhancement in spatial memory (Tomizawa et al., 2003) and research in non-parous animals has shown that OT can influence various aspects of learning and memory (Gur et al., 2014; Havranek et al., 2015) , including cognitive flexibility which is impaired in oxytocin receptor (OT-R) knockout mice (Sala et al., 2011; Chini et al., 2014) . However, no previous work has investigated whether OT contributes to improved cognitive flexibility during the postpartum period.
In the current study, we investigated the importance of postpartum stage as well as offspring, parity, and OT in driving improved mPFC cognitive function during motherhood. To do so, attentional set shifting performance was assessed during two different weeks of the postpartum period, in postpartum females without offspring, as well as in both primiparous and biparous mothers. Lastly, cognitive flexibility was examined in mothers following blockade of OT-R in the mPFC.
Materials and methods

Animals
Age-matched virgin female (200-250 g) and timed pregnant Sprague-Dawley rats purchased from Taconic (Germantown, NY) were used in Experiments 1 and 3. For experiment 2, parous females were generated in house. For primiparous females, one virgin female (200-250 g) was paired with an adult male. Pregnancies were verified through daily vaginal swabs and microscopic identification of sperm. Upon positive determination of pregnancy, female rats were individually housed. For all experiments, the day of birth was designated as postpartum day 0 (PD0) and litters were culled to 10 pups (4-6 males, 4-6 females). To generate biparous females, groups of primiparous rats raised their litters to PD21 and were then remated. All parous females were age-matched such that primiparous rats during their first and only gestational period were the same age as biparous rats. Stages of estrous were monitored in virgin females through daily vaginal swabs and only those virgin females that had normal 4-5 d estrous cycles were included.
Except during breeding, all rats were housed individually in a temperature and humidity controlled room and maintained on a 12/12 light/dark cycle (lights on at 6 am). Rats initially had unrestricted access to food but were food restricted and maintained at 85% of their baseline weight for 9 d prior to testing to ensure sufficient motivation to perform the task. Water was available ad libitum throughout all experiments. All procedures were conducted in accordance with The Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health and approved by The Ohio State University Institutional Animal Care and Use Committee. Four groups were tested on the attentional set shifting task (AST): 1) Mothers with pups during the second week postpartum on PD10-11 (n = 10), 2) Mothers with pups during the third week postpartum on PD20-21 (n = 6), 3) PD10-11 mothers whose pups were permanently removed from the home cage at the time of culling (n = 9), and 4) Virgin females (n = 12).
Attentional set shifting
In attentional set shifting, rats are taken through a series of tasks in which they must dig in small terracotta flower pots to locate a hidden food reward. The testing apparatus (Fig. 1, top ) was a black, opaque Plexiglas box (50 × 40 × 30 cm). A removable, opaque divider separated onethird of the length of the arena from the rest, forming a start box. To begin each trial, a rat was placed in the start box, and given access to the rest of the arena by lifting this divider. A fixed divider separated the opposite third of the arena into two sections each of which contained one digging pot (diameter 11.4 cm; height 9.5 cm). All procedures were performed manually by a trained experimenter during the light phase beginning at 11 am. Digging was live scored and defined as a vigorous displacement of the medium to retrieve the reward (1/3 FrootLoop; Kellogs, Battle Creek, MI USA) buried within the pot. Simply investigating the rim of the pot or the surface of the digging medium with paws or snout without displacing material was not scored as a "dig". During the AST, pups were kept warm in an incubator maintained at nest temperature.
Beginning on the day of food restriction, rats were habituated for 6 d by allowing them to freely explore the apparatus for 30 min per day. Following habituation, the attentional set shifting procedure took place over three consecutive days ( Fig. 1, bottom) . On Day 1, rats were trained to dig reliably in untextured pots filled with cob bedding. Both pots were baited with the food reward. Rats underwent training in four stages in which the reward was: 1) placed on top of the cob bedding; 2) placed under a thin layer of cob; 3) buried beneath~2 cm of cob; 4) buried under~4 cm of cob. Rats were initially given four exploratory trials (120 s each) to freely explore the chambers and dig in both pots. After the four exploratory trials, rats were given 120 s to retrieve one reward. If rats failed to do so, the trial was repeated. Progression to the next stage required that rats retrieve one reward within 120 s for six consecutive trials. On Day 2, rats underwent discrimination training in which they learned the location of the food reward in one of the pots based on a texture (sand paper vs duct tape covering the pots which were filled with cob digging media) or digging media (shredded paper vs shredded latex filling untextured pots). The order of the discriminations and the specific texture or digging medium that predicted the reward (positive stimulus) was determined randomly and represented equally across rats. The stimuli used in discrimination training were not used again. On Day 3, rats underwent testing on a series of five discriminations presented in a fixed order for all rats (Table 1) . Testing began with a simple discrimination (SD) in which rats discriminated between two digging media in untextured pots, one of which was the positive stimulus. Next, in a compound discrimination (CD), an irrelevant texture dimension was introduced, but the positive stimulus was the same as in the SD. This was followed by an intradimensional attentional shift (IDS) involving two new stimuli from each stimulus dimension with digging medium remaining as the relevant dimension. The IDS was then reversed (REV), such that the formerly negative stimulus became the positive stimulus. Finally, in the extradimensional attentional shift (EDS), two new stimuli from each dimension were introduced, and the formerly task-irrelevant dimension (texture) became relevant. For both discrimination training and testing on days 2 and 3, a small quantity of powdered cereal was sprinkled into the digging medium of both pots at the start of the task to obviate the possibility of locating the bait by smell rather than by learning the discrimination. The left-right positioning of the baited pot across trials was randomized. Rats were initially given four exploratory trials (120 s each) to explore both chambers and dig in both pots. Following the exploratory trials, the rat was given 120 s to dig in either pot. In the event of an incorrect choice (i.e. digging in the unbaited pot), the divider wall was immediately replaced so that the animal was not allowed access to the alternate pot. If an animal did not dig within 120 s, the partition was lowered, forcing the rat back into the waiting area. In either case, the trial was aborted and recorded as an error. Trials for each discrimination were continued until the animal reached a response criterion of six correct consecutive digs in the baited pot.
2.3. Experiment 2: effect of parity on attentional set shifting performance 2.3.1. Design
Three groups were tested on the AST as described above: 1) Primiparous females on PD10-11 (n = 6), 2) Biparous females on PD 10-11 (n = 4), and 3) Virgin females (n = 8).
2.4. Experiment 3: effect of OT-R blockade on attentional set shifting performance in mothers 2.4.1. Design
Two groups were tested on the AST as described above: 1) Primiparous females on PD10-11 infused with saline in the mPFC (n = 8) and 2) Primiparous females on PD10-11 infused with an OT-R antagonist in the mPFC (n = 8).
Cannulation
On GD17, pregnant females were anesthetized with a 2-4% isoflurane gas/air mixture and aligned on a stereotaxic apparatus (Kopf Instruments, Tujunga, CA). This timepoint for surgery is consistent with prior studies assessing behavioral changes during the postpartum period following drug administration via cannulation (Neumann et al., 2000; Lubin et al., 2003; Figueira et al., 2008) . Body temperature was maintained throughout the surgery with a warming pad. Bilateral cannula guides (pedestal mounted 22-gauge stainless steel tubes with 1.5 mm separation and cut 3.5 mm below the pedestal; Plastics One, Roanoke, VA) were secured in a stereotaxic holder and lowered into the prelimbic mPFC (AP: + 3.2 mm, ML: ± 0.75 mm, DV: − 3.2 mm; Paxinos and Watson, 1998) . The cannula were secured by stainless steel screws and dental cement. A bilateral stainless steel obturator (0.35 mm diameter; Plastics One) extending 0.2 mm beyond the tip of the guide cannula was placed into the guide cannula after surgeries. Table 1 Representative example of stimulus pairs and the progression through the stages of the attentional set shifting protocol. Medium was the initial relevant stimulus dimension, shifting to texture in the EDS stage. For each stage, the positive stimulus is in bold, and was paired randomly across trials with the two stimuli from the irrelevant dimension. The scalp was closed around the protruding portion of the cannula with surgical staples.
Infusions
On PD7, all rats were habituated to the handling and infusion procedures. During habituation, rats were removed from their home cage and handled for approximately 3 min while being lightly restrained in a terrycloth towel. The obturators were then removed and a 28-gauge bilateral injection cannula extending 0.2 mm beyond the tip of the guide cannula into the mPFC was inserted into the guide. The injection cannula were left in place for 3 min then removed and the obturator replaced. On Day 3 of the AST (PD10-11), upon completion of the reversal task (Donegan et al., 2014) , obturators were removed and an injection cannula attached to two 1 μl Hamilton Syringes via PE-10 tubing was inserted into the guide. Bilateral infusions were made using a Harvard Apparatus Pico Plus Elite infusion pump (Holliston, MA) which delivered 0.5 μl of saline or 0.5 μg/.5 μl of the selective OT-R antagonist desGly-NH 2 -d(CH 2 ) 5 [D-Tyr,Thr 4 ]OVT (courtesy of Dr. Maurice Manning, University of Toledo; Toledo, OH) into each hemisphere at a rate of 0.33 μl/min. The injector was left in place for an additional 1 min before withdrawal to allow for diffusion. 10 min after injection, testing on the EDS phase was carried out. This dose and timing of infusions relative to testing was selected based on prior studies using OT-R antagonists (Lubin et al., 2003; Waldherr and Neumann, 2007; Sabihi et al., 2014) .
Histology
Approximately 24 h after the cessation of testing, cannulated animals were over-dosed with an injection of Euthasol and transcardially perfused with 4% paraformaldehyde. Brains were removed, post-fixed for 24 h in 4% paraformaldehyde at 4°C and then transferred to 0.1 M PBS and stored at the same temperature until 40 μm coronal sections throughout the mPFC were obtained using a Vibratome. Sections were stained with 0.2% cresyl violet and cannula tract placement was verified. Examination under high magnification (40 ×) revealed limited to no damage at the tip of the cannula.
Statistics
Trials to criterion on the AST were analyzed using two-way repeated measures ANOVA with task phase (SD, CD, IDS, REV, EDS) as a within subject factor and group (Experiment 1: virgin, PD10-11 postpartum, PD20-21 postpartum, PD10-11 postpartum pups removed; Experiment 2: virgin, primiparous, biparous; Experiment 3: saline, OT-R antagonist) as a between subjects factor. Bonferonni post-hoc comparisons were applied to significant interactions. Effect size comparisons were performed for ANOVA (partial eta-squared, η p 2 ) and posthoc tests (Cohen's d, d). An η p 2 N 0.14 and a d of N 0.8 are considered large effect sizes. For all statistical analyses, significance was determined at p values b 0.05.
Results
Enhanced cognitive flexibility emerges during the second postpartum week and requires interactions with offspring
Postpartum females on PD10-11 with and without pups were compared to PD20-21 mothers with pups to assess the extent to which attentional set shifting performance in mothers is influenced by postpartum stage and requires offspring. Our results (Fig. 2) show a main effect of group (F 3,33 another (p N 0.05). There were no significant differences among the groups on the SD, CD, IDS or REV task phases (p's N 0.05).
Parity does not influence cognitive flexibility
To assess the effects of parity on mPFC-dependent cognitive function, primiparous and biparous mothers were tested on the AST. Our results (Fig. 3) There were no significant differences among the groups on any other task phase (p's N 0.05).
OT-R antagonism in the mPFC blocks enhanced cognitive flexibility in mothers
To determine whether OT signaling in the mPFC influences cognitive flexibility, an OT-R antagonist was infused bilaterally into the mPFC of PD10-11 mothers just prior to the EDS phase of the AST. Our results Fig. 2 . Mothers during the second (PD10-11) and third (PD20-21) postpartum weeks required fewer trials to reach criterion on the EDS phase of the AST as compared to virgin females and PD10-11 postpartum females whose offspring were removed shortly after birth. All groups performed similarly on the SD, CD, IDS and REV phases of the task. Bars represent mean + SEM, *p b 0.05. Fig. 3 . Both primiparous and biparous mothers during the second postpartum week (PD10-11) required fewer trials to reach criterion on the EDS phase of the AST than virgin females. Both groups of mothers performed similarly to virgins on all other phases of the task. Bars represent mean + SEM, *p b 0.05. (Fig. 4) show a main effect of drug (F 1,14 = 6.092, p b 0.05; η p 2 = 0.14) and task phase (F 4,56 = 11.11, p b 0.0001; η p 2 = 0.68) and a task phase x drug interaction (F 4,56 = 6.894, p b 0.0005; η p 2 = 0.57). Post-hoc analysis revealed that saline-infused mothers required fewer trials to reach criterion on the EDS phase of the AST as compared to mothers that received an infusion of the OT-R antagonist (p b 0.0001; d = 2.65). There were no significant differences between the groups on any other task phase (p's N 0.05). Locations of cannula placements within the mPFC are shown in Fig. 4 .
Discussion
In this study, we extend previous work which demonstrated that motherhood enhances extradimensional set shifting, a measure of cognitive flexibility that depends on the mPFC (Leuner and Gould, 2010) . Specifically, we show that compared to virgin females, cognitive flexibility is enhanced in mothers regardless of postpartum stage and is not affected by parity. Moreover, we found that improved cognitive flexibility in mothers requires the presence of offspring and OT signaling in the mPFC. Together, these data provide insights into the temporal, experiential and hormonal factors which regulate mPFC-dependent cognitive function during the postpartum period.
Changes in cognitive function associated with motherhood have been primarily investigated using hippocampal-dependent spatial tasks. This work has shown that during the early (i.e. first week) postpartum period, spatial cognition is impaired compared to nulliparous controls (Darnaudéry et al., 2007) while the middle to late (i.e. second-third weeks) postpartum periods are accompanied by improved spatial cognition (Kinsley et al., 1999; Lambert et al., 2005; Cost et al., 2014) . Here, using the AST, we found a selective enhancement in extradimensional set shifting, but not discrimination or reversal learning, which was evident in mothers during the third postpartum week as previously shown (Leuner and Gould, 2010) as well as earlier during the second week after parturition. It is important to note that SD, CD, IDS, and REV do not require the mPFC and thus, the absence any difference between virgin and maternal rats on these stages of the AST strongly suggests that motherhood has a specific effect on mPFC function and likely does so without altering motivation to obtain food or other factors that could influence performance such as anxiety. Taken together, motherhood appears to be generally beneficial across different domains of cognitive function at the mid-late stages of the postpartum period. Because of technical limitations requiring adequate food restriction to ensure digging behavior, we did not test mothers at an earlier postpartum time point. Thus, with this task we cannot determine whether cognitive flexibility, like spatial cognition (Darnaudéry et al., 2007) , would be similarly impaired during the first week postpartum.
Improved cognitive flexibility was evident in both primiparous and biparous mothers indicating beneficial effects of motherhood regardless of parity. Whether cognitive benefits on the AST persist with additional maternal experience beyond two has yet to be examined. Nonetheless, these data are consistent with studies of spatial cognition which have found that parous rats outperform nulliparous rats with no reproductive experience (Gatewood et al., 2005; Pawluski et al., 2006b; Macbeth et al., 2008b; Paris and Frye, 2008; Barha et al., 2015) . Some of these studies have further observed differences in cognitive performance between primiparity and multiparity, in some cases favoring primiparous dams (Pawluski et al., 2006b ) and in other cases favoring multiparous dams (Gatewood et al., 2005) . Here, attentional set shifting performance did not differ between the two maternally experienced groups which may suggest that certain cognitive skills may be differentially sensitive to varying amounts of parity.
The enhancement in EDS performance was dependent on the offspring as it was not evident in mothers whose pups were removed shortly after birth. Likewise, removal of pups prevents improved spatial learning and memory during motherhood (Pawluski et al., 2006a) . These data indicate that pregnancy alone does not contribute to improved cognitive function but rather that interactions with offspring and maternal experience are important regardless of whether the task is hippocampal-or mPFC-dependent. It is possible that social and sensory stimulation provided by a litter of offspring is akin to an enriched environment, which is known to be beneficial to cognitive function (Kinsley et al., 1999) . Another, not mutually exclusive, possibility is that the expression of maternal behavior itself may be an important factor driving the improvement in cognitive function. Future studies could address the role of sensory stimulation and the expression of maternal care by examining cognitive flexibility in sensitized virgin female rats that are exposed to pups. Such studies have been done using spatial tasks and these have shown enhancements in spatial memory after sensitization, pup-exposure or pup-directed maternal behaviors alone, but these are transitory (Kinsley et al., 1999; Lambert et al., 2005; Pawluski et al., 2006a) unlike the improvements in hippocampal-dependent spatial learning that persist long after weaning in postpartum rats that experience pregnancy, parturition, and mothering (Gatewood et al., 2005; Love et al., 2005; Lemaire et al., 2006; Kinsley and Lambert, 2008; Zimberknopf et al., 2011; Barha et al., 2015) . In this regard, it is worth noting that maternal experience does not persistently alter PFC-dependent learning after weaning, at least as assessed using an operant set shifting task (Workman et al., 2013) . Since both weaning and pup removal are also accompanied by a cessation of lactation, a role for lactation itself should also be considered. Be it sensory stimulation, mothering itself or lactation, the available data overall support the notion that factors associated with the postpartum period have an 'activational,' rather than 'organizational' effect on cognitive functioning that relies on the mPFC (Workman et al., 2013; Cost et al., 2014) .
A growing body of evidence implicates the mPFC and other cortical areas in various social and emotional behaviors linked to OT, including maternal care (Nakajima et al., 2014; Sabihi et al., 2014; Marlin et al., 2015) . Our data show OT in the mPFC also contributes to improved mPFC-dependent cognitive function during motherhood. Indeed, central infusion of an OT-R antagonist into the mPFC of primiparous mothers was sufficient to attenuate the enhancement in postpartum cognitive flexibility during the EDS phase of the AST. Both maternal experience and OT have also been shown to enhance object recognition (Macbeth et al., 2008b; Havranek et al., 2015) which could have contributed to the beneficial effect of motherhood on EDS performance and its blockade by the OT-R antagonist although this is unlikely given that both digging pots on this phase have novel textural and digging stimuli. However, we cannot rule out the possibility that OT-R blockade may have affected cognitive flexibility by altering anxiety (Sabihi et al., 2014) or the motivation to obtain a food reward (Sabatier et al., 2013) . Despite these caveats, these data expand upon prior work showing that central OT mediates the motherhood-induced enhancement in hippocampal-dependent spatial learning and memory (Tomizawa et al., 2003) and further point to OT as a mediator of cognitive flexibility (Sala et al., 2011; Chini et al., 2014) , although more work is needed. For example, there are no studies to date that have examined how OT agonists in non-maternal animals affect cognitive flexibility on the AST or other tasks which rely on the prefrontal cortex. Furthermore, the mechanism by which OT regulates mPFC-dependent cognitive function is not known. Recent work has shown that within the cortex, OT-R, which are upregulated in the postpartum mPFC (Mitre et al., 2016) , are expressed predominantly by cortical interneurons (Nakajima et al., 2014; Marlin et al., 2015) and at inhibitory synapses (Mitre et al., 2016) . Given that GABA transmission in the PFC plays a key role in regulating cognitive function (Tse et al., 2015) , OT-GABA interactions may be involved.
Altered cognitive function during motherhood is likely to have adaptive significance. For example, because effective and efficient foraging is highly dependent on spatial navigation, enhancements in these cognitive abilities would improve the chances of offspring survival (Pawluski et al., 2006a; Cost et al., 2014) . The postpartum period is also a time when the survival and well-being of the offspring critically depends on the mother's ability to attend to her infant's needs which in turn requires that she be able to easily shift her attention depending on situational demands and adapt her behaviors accordingly (Barrett and Fleming, 2011; Olazábal et al., 2013) . Thus, enhanced cognitive flexibility during motherhood may be another adaptive response that enables successful mothering. In support of this, it has been shown that mother rats who perform better on an attentional set shifting task are better mothers overall − they are less easily distracted, more attentive to their litter and lick their pups more (Lovic and Fleming, 2004) . Similarly in humans, positive parenting behaviors during the postpartum period have been associated with better executive functions which genetic analyses have linked to OT-R polymorphisms (Tombeau Cost et al., in press ). On the other hand, reduced maternal sensitivity and difficulties during mother-infant interactions are associated with less cognitive flexibility (Atkinson et al., 2009; Gonzalez et al., 2012; Chico et al., 2014) . Investigating whether dysfunctional OT signaling mediates this cognitive deficit in humans may reveal a new target for therapeutic intervention to ultimately improve maternal functioning.
